Introduction
Allogeneic hematopoietic cell transplantation emerges as a therapy option to treat the sequels of exposure to radiation, a great concern at the beginning of the atomic age and cold war (Welniak et al., 2007) . Hematopoietic cell transplantation emerged as a rescue strategy since there were already antecedents, like the study of Lorenz et al. in 1952 (as cited by Welniak et al., 2007) , who showed that infusion of the bone marrow after lethal irradiation healed radiation disease in mice. This lay the foundations for the current consideration of allogeneic hematopoietic cell transplantation as the first-line therapy for many lifethreatening oncological and hematological diseases. Today, it is primarily used to treat patients with hereditary anemias or immunological deficiencies through replacement of the hematopoietic system with cells from a healthy individual. It also allows cancer patients to be treated with myeloablative radiation and/or chemotherapy (known as myeloablative conditioning) in an attempt to eliminate tumoral cells, and although this strategy brings loss of bone marrow function, the latter can be recovered with infusion of normal hematopoietic cells (Jenq & Van den Brink, 2010 ).
Hematopoietic stem cell transplantation
Hematopoietic stem cell transplantation is today a simple procedure involving infusion of these cells intravenously. Once in the bloodstream, stem cells are able to migrate to the bone marrow in order to thus restore hematopoiesis during the first two weeks following transplantation (Léger & Nevill, 2004) . Stem cells giving rise to hematopoietic cells are known as hematopoietic stem cells due to their capacity for self-renewal, division and differentiation into a variety of specialized hematopoietic cells. This is the principle underlying hematopoietic stem cell transplantation (Hows, 2005) .
[CD11aCD18]) and c-kit. These molecules are expressed in most hematopoietic stem cells and are involved in binding of these cells to bone marrow stroma, a process that is expressed by the ligands of cells of the latter VCAM-1, ICAM-1 (Intercellular adhesion molecule-1) and ICAM-2 for LFA-1 and c-kitL. G-CSF can also initiate mobilization through neutrophils, by secretion of gelatinase B, breaking extracellular matrix molecules and Fig. 1 . Mechanism of hematopoietic stem cell mobilization from bone marrow to peripheral blood by stimulation with G-CSF. This process involves several steps, including modification of interactions occurring between stem cells and the stroma. Affected interactions include decreased expression of VLA-4 integrin, which normally binds to its ligand VCAM-1 and to FNT. Another molecule in which expression is decreased is c-kit; this process reduces the bond between this molecule and its ligand kit-L-. Decreased expression of these molecules reduces the bond between stem cells and the stromal cells. Another means by which G-CSF promotes stem cell mobilization is through neutrophils, by releasing gelatinase B, breaking extracellular matrix molecules and weakening adhesive interactions between stem cells and stroma cells. Yet another mechanism is stem cell secretion of gelatinase B, promoting faster migration of these cells to peripheral blood. A further mechanism involves indirect interaction of G-CSF with ligands, receptors/factors and stimulation of stem cell proliferation. PB: peripheral blood. G-CSF: granulocytic-colony stimulating factor. VCAM-1: vascular cell adhesion molecule-1, VLA-4: very late antigen 4 [CD49d/CD29] FNT: fibronectina (Modified from Gyger et al., 2000) www.intechopen.com Transplantation   86 weakening adhesive interactions between stem cells and stroma cells. Stem cells have also been shown to secrete gelatinase B, a mechanism which may improve migration of these cells to peripheral blood (Figure 1) . Finally, experimental evidence indicates that G-CSF may interact indirectly with a stem cell ligand to stimulate proliferation of these cells (Cashen et al., 2007; Cottler-Fox et al., 2003; Gyger et al., 2000) . In recent years, it has been demonstrated that G-CSF is also able to break one of the most important interactions between stem cells and stromal cells, which is formed by CXCL12 (formerly called SDF-1) and CXCR4 (Cashen et al., 2007) .
New Advances in Stem Cell

Which stem cell source is best: bone marrow or mobilized peripheral blood?
This is one of the most commonly asked questions, since using mobilized peripheral blood rather than bone marrow in allogeneic transplantation is increasingly frequent. A retrospective study by Champlin et al. in 2000 examined the evolution of 288 allogeneic transplants in which mobilized peripheral blood was used and 536 in which bone marrow was used. They were followed-up during one year. The study found that in patients who had received mobilized peripheral blood, neutrophil engraftment was faster (14 days vs. 19) as was also platelet engraftment (19 days vs. 25) . No significant differences were observed in development of acute GVHD. Chronic GVHD development was significantly higher in patients receiving mobilized blood, with a mean of 65% vs. 53%. The incidence of relapse did not differ significantly. Treatment-related mortality and leukemia-free survival were higher with mobilized blood transplants and hospitalization time was shorter. Additional studies similar to this one examining the benefits and drawbacks of allogeneic hematopoietic cell transplantation set the basis for mobilized peripheral blood being currently the most commonly used source in hematopoietic stem cell transplantation.
Points to consider before hematopoietic stem cell transplantation
When considering transplantation in patients in remission, two important aspects should be taken into account: whether medical evidence indicates that hematopoietic stem cells transplantation is more likely to heal the disease than other therapy forms and whether a suitable donor is available as a stem cell source. Although these are the major aspects to consider they are not the only ones. Other factors requiring consideration include biological characteristics at diagnosis, the specific disease that is being treated, presence of comorbidities that may complicate transplantation, and patient age (Deeg, 2010; Léger & Nevill, 2004 ).
Immunological typing of human leukocyte antigens
One reason for the progress that has taken place in hematopoietic cell transplantation is human leukocyte antigen (HLA) immunotyping. This is one of the major points to consider in allogeneic hematopoietic cell transplantation since, as already stated, it is important to have a suitable donor. HLA proteins were first identified in 1950 by Jean Dausset upon observing that in many individuals, particularly those who previously received multiple blood transfusions or who were multiparous women, blood serum contained antibodies that reacted against a new kind of glycoprotein present on the outer surface of leukocytes of other members of the population; these glycoproteins were named human leukocyte antigens (HLAs). The latter www.intechopen.com When reexamined by molecular immunotyping, about 30%of these individuals were found to be incompatible in one or more alleles. These differences were correlated with increased GVHD and poor survival, indicating that a compatible donor and reliable HLA immunotyping are extremely important. The number of class I and class II HLA antigens is relatively large and therefore the probability of HLA matching between the recipient and an unrelated donor is extremely small. In our laboratory, we have studied patients who underwent allogenic hematopoietic cell transplantation and developed GVHD, finding a correlation between these patients and an increased of CD14+ TNF+ cells. Up to 32% of CD14+ cells secreting TNF were found in a patient with stage II GVHD, increasing to 47% when the patient progressed to stage III, while in patients who did not develop GVHD this behavior was not observed. In patients with GVHD development, TNF may promote increased expression of adhesion molecules such as VCAM-1, ICAM-1 and E-selectin in endothelium, therefore also promoting diapedesis of leukocytes in affected areas and degranulation of these cells with subsequent damage to tissues in which they are infiltrated (Aggarwal et al., 2000) . On the other hand, activation of endothelium, release of nitric oxide, vasodilation and increased vascular permeability, and blood platelet activation are also promoted and, most importantly, increased expression of MHC-I and MHC-II molecules as well as co-stimulatory molecules such as CD40, CD80 and CD86 in dendritic cells, thus also activating T lymphocytes and giving rise to more effective antigen presentation, and along with this, more effective allorecognition (Steinman et al., 1998) . In addition to this, TNF has a major role in the promotion of apoptosis (De Freitas et al., 2004 ) and due to the previously mentioned properties, TNF overexpression contributes to GVHD emergence and severity ( Figure 3 ). Recent studies reveal an increase not only in TNF levels but also in TNF receptors (TNFR1 and TNFR2), and the latter are more stable and easier to quantify ( In murine models, differences in GVHD development have been found between mice that were transferred CD4+ IL-17 -/-T cells and mice that were transferred normal CD4+ cells. In the former, GVHD development took longer. However, no significant differences were noted between these groups in relation to mortality due to GVHD or in graft-versus-tumor activity. Another major finding was the fact that mice that were transferred CD4+ IL17 -/-cells had fewer Th1 cells during early stages of GVHD. Also, a reduction occurred in the number of IFN-secreting macrophages and granulocytes as well as a decrease in the amount of pro-inflammatory cytokines. IL-17 is therefore believed to be essential for GVHD development and graft-versus-leukemia activity as it promotes pro-inflammatory cytokine production -all this in murine models (Kappel et al., 2008) . These data and others showing the importance of the Th17 profile in inflammatory processes made several researchers think that this profile might be involved in GVHD development and severity in humans (Coghill, 2011) . Our study team recently found that the Th17 profile is not relevant for GVHD development. We conducted a pilot study on the importance of this profile in six patients who underwent allogenic hematopoietic cell transplantation, following them for six months. This group was divided into patients with GVHD development and patients without GVHD. Peripheral blood and mononuclear cell cultures were analyzed at 30, 60, 100 and 180
Graft-versus-host disease and
www.intechopen.com days after transplantation. Overproduction of Th17 profile was not observed neither in patients with GVHD nor in individuals without GVHD, as opposed to its production in healthy volunteers and in a patient who received a syngeneic transplant. Few months after concluding our study, Broady et al. (2010) published a similar study on patients who underwent allogenic hematopoietic cell transplantation, in which they evaluated Th1 and Th17 cells in tissue and peripheral blood in a cohort of 34 patients, of which 20 developed acute GVHD and 14 did not develop GVHD. The authors did not find an increase in the number of Th17 cells in patients with acute cutaneous GVHD as compared to healthy donors, but they did detect increased production of IFN-secreting cells (Broady, 2010 ). GVHD diagnosis is suspected when the recipient develops all or some of the signs and symptoms that are characteristic of this disease such as dermatitis (rash), epidermal blistering, stomach cramps, abdominal pain with or without diarrhea which may be accompanied by passage of blood, nausea, persistent vomiting, and hepatitis (elevated bilirubins and/or liver enzymes). Typically, these signs and symptoms occur 100 days after allogenic hematopoietic cell transplantation but may also appear later. In GVHD, mature T cells of the donor that accompany the graft attack host tissues, particularly the skin, liver and gastrointestinal tract. This explains the signs and symptoms that characterize this disease. To prevent GVHD development, all patients receive some type of prophylaxis with immunosuppressors and in some cases T cell depletion , being one of the most commonly used methods although its effectiveness has not been fully proven since T-cell elimination contributes to absence of GVHD development but patients die from relapse because lack of GVT effect. Another prophylactic method involves pharmacological treatment with agents that affect T-cell function. These types of prophylaxis elicit adverse effects since mature T cells of the donor have a major role in mediating the reconstitution of the adaptive immune system, particularly in adults with low thymus function (Jacobsohn & Vogelsang, 2007). GVHD is classified according to the number and extent of the organs involved ( Table 2 ). In the current classification system, established in 1994, GVHD is divided into four groups (I -IV increased age of recipients, and the use of busulfan in the conditioning regimen have led to a higher incidence of cGVHD. Other clinical risk factors for cGVHD development include previous acute graft-versus-host disease (aGVHD) and a second transplant. cGVHD most commonly affects the skin, liver, eyes and mouth, although other sites may also be affected. Death from severe cGVHD is generally a result of infectious complications. The standard treatment for severe cGVHD is a combination of cyclosporine and prednisone. An alternating daily regimen of these two agents prolongs survival and reduces drug-related adverse effects. Topical therapy in affected areas is recommended for patients with grade 1-2 cutaneous disease. Survival at 10 years in patients who develop light aGVHD is approximately 80%, but it is drastically reduced in patients with severe cGVHD, in whom this rate is reported to be 5% ( The most common cause of death after allogenic hematopoietic cell transplantation is relapse, although in unrelated donor transplants it is followed by GVHD and in HLAmatched sibling transplants by death from infections. Another major cause of death is interstitial pneumonitis (Pasquini & Wang, 2007 ).
Graft-versus-tumor effect
Existence of the graft-versus-tumor effect was first suggested in 1956 by Barnes et al., upon noting eradication of leukemia in irradiated mice receiving allogeneic bone marrow transplants, but not in those that after irradiation received syngeneic bone marrow transplants. The first evidence of this also occurring in humans came from studies reporting that the incidence of relapse was markedly lower in patients who developed GVHD than in those who did not (as cited in Appelbaum, 2001) , and that just as in murine models, human allogenic hematopoietic cell transplantation recipients were at lower risk of relapse than recipients of syngeneic stem cell transplantations or allogenic hematopoietic cell transplantations in which T cells are previously depleted. Male patients receiving allogenic hematopoietic cell transplantation grafts from female donors are also seen to be a special group in that donor-derived T cells specific for receptors of minor histocompatibility antigens may contribute to development of the graft-versus-tumor or the graft-versusleukemia effect as well as GVHD since the graft-versus-leukemia effect is associated with presence of GVHD. The potential impact of the graft-versus-leukemia effect can be observed www.intechopen.com 
Clinical relevance of regulation and induction of tolerance after allogenic hematopoietic cell transplantation
The potential benefits of allogenic hematopoietic cell transplantation are offset by the moderate survival rate of the graft at long term. This is to a large extent due to immunosuppressant agents that unspecifically inhibit immune response in order to prevent rejection, but bring multiple adverse effects which are responsible for chronic rejection. Therefore, one of the major goals of allogenic hematopoietic cell transplantation is to achieve absence of immune response in the face of donor-derived alloantigens without requiring prolonged administration of immunosuppressants and to promote the graft-versusleukemia effect. To this end, research has focused on the study of regulatory T cells (Treg), particularly those of the CD4+CD25highFoxP3+ phenotype (natural Treg, nTreg) as they have been shown to be able to control immune response in the face of donor-derived alloantigens and therefore possess great potential to establish in vivo tolerance to the transplant. These cells have been studied the most but are not the only ones described as having a regulatory role since regulatory functions have also been observed in other subpopulations of CD4+ cells, in T CD8+ cells, T cells, NK cells and CD3+CD4-CD8-CD16+56+ cells, also known as NKT cells. The latter have been shown to have a powerful anti-tumoral effect and are important in the maintenance of tolerance. This is why many studies are focusing on transfer of these cells. The strategy that is being sought for use in the near future is ex vivo stimulation of Treg purified with alloantigens of the donor or even . In humans, patients with active cGVHD are reported to have a lower frequency of Treg than patients without cGVHD. These findings suggest that robust reconstitution of Treg post-allogenic hematopoietic cell transplantation is required to establish immune balance in order to be able to maintain adequate levels of peripheral tolerance. However, the mechanisms responsible for Treg reconstitution post-allogenic hematopoietic cell transplantation have not been adequately characterized and the factors contributing to inadequate recovery of Treg in patients who develop cGVHD are unknown (Matsuoka 2010 ). Based on data obtained by Matsuoka et al. (2010) in patients examined during the first year after allogenic hematopoietic cell transplantation, thymus-dependent generation of Treg was considerably affected, but this subpopulation maintained high levels of cell proliferation in comparison to constitutive T cells. Such in vivo proliferation is apparently driven mainly by lymphopenia of CD4 cells. Among other findings, this study team has also shown that high levels of Treg proliferation were offset by higher susceptibility to apoptosis. Depletion of Treg in periphery in these patients was associated with development of extensive cGVHD.
On the other hand and in reference to lymphocyte populations that may take part in development of tolerance to alloantigens, the subpopulation of CD8+ Treg has been recently characterized. These lymphocytes, despite a long history in the field of immunology as The latter subpopulation has been said to be increased in peripheral blood analyses and infiltrated tissue of patients with colorectal cancer. Increased expression of TGF-β has also been found in these lymphocytes as compared to samples from healthy donors. These cells were able to suppress CD4+CD25-cell proliferation and cytokine Th1 production. The paper mentions the significance of immunological vigilance and the fact that CD8 Treg may promote tumoral growth. It also describes this cell subpopulation in patients with multiple sclerosis in whom lower numbers of these cells were correlated with relapse, a fact that may evidence their immunosuppressant role in the control of autoimmune diseases (Giovanni Frisullo, 2010; Chaput, 2009; Kiniwa, 2007) . Recently described populations of CD8+ Treg include CD8+ IL-10+ cells present in ovarian carcinoma, which are induced by plasmocytoid dendritic cells infiltrating the tumor. This differentiation towards CD8+ Treg was shown to be independent of CD4 + Treg. All these antecedents combined with the generation of CD8+ Treg through continuous antigen stimulation may indicate the importance of the latter in GVHD control.
Conclusions
TNF levels have a major role in development and severity of graft-versus-host disease and can be used as a negative prognostic factor. Th1 response is essential and required in post-transplant patients to prevent relapse, graft loss and appearance of infections caused by opportunistic microorganisms. The Th17 profile has no essential role in development or severity of GVHD and is therefore not a target for therapy in these patients.
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